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Abstzact

A deaign study of a atainlesas mteel, heavy wall,
helically shaped vacuum torus has been mande for use in
a proposed Stellarator conflguratlion. The s#tudy con-
cerns itrelf with the shape of the vacuum vessel and
the division of the vessel into components tlhat can be

machined and welded -ogether into a helical configura-
tion, A complication in the design requirea that a
circular magnet coll be located at the minor toroidal
axls and that this coil be embedded within the peri-
phery  of the vacuum vessel. The vacuum vensel has a
minor torofda! axin dlameter of 4 meters, a 68.6-cm
ahell dlameter, and a .,9-cm wall thickneas. It twisra
about the minor toroidnl axls twlce 1in 360°. (An n
value of 2).

Tt in propoa~d that  the wunit be made of

cylindrileal segments with the ends of the
nt wppropriate lengths and angles o form
mathematical dertvation of the dimensiona

cylinders cut
the hellx. A
necessary to

produce the requlred whapen of the aegmeuts has been
mades  Also, drawings of the vacuum vesdel componentp
have been  produced on LANL s CTR CAD/CAM Ryatem. The

praocedure developed enn be uaed for any valve of n  ar
dictated by physicr requirementns.

Tat roduct fon

The  vacuoum  chamber  contemplated  Tor a proposed
Stellarntor nystem tn o toroldal tube, clreulnr  In
crosn-nection,  which apirals aroemd a4 meter diameter
planar  clrele, The  chamber w11l be woade  of 304
stalnlens nteel, Atn 27 Lachen 1 outelde dlameter with
n /0 tach thick walle The onter cfreamference of  the
chamber  will have n proove approximately 6 fnchen by 6
Inchen formed fnto the vacuum chanber to accommodate  a

hard core  magnetle coll.  In crova=sect ton the proove
to poadtioned on the clreumference and  extends  inwara
toward  the vacoum chamber conter,  The conntruction tn
nuch that the conter Tine of the hard core coll forme a
bawte  planar clrvele, the hard core coll aplrals around
thin planar  clrele and  the  vacoum  chambse wplrealn
aronnd the hinrd core cotl, Flpuve 1 ta an thlustrat fon

nl the proponed Srellarator nyaten and ahown the vacuaum
will the T {nal confdgaration.
the vacoum venponl  potup for the  hard

vennel a1t
nhown
core magnet fe coll annembly.

appear In
Fipnre 7

The nombey ol turns atoiwnd The  planay clrele
(dentpnated n)  will he  wpecttted hy  the  technten!
tequirementn of 0 the  propram. Far purponen ol thin
abawdy nowan mmed to be cqual ta 20 bt can he any
nomber with the mame anndvaln applicable,

Sectlon Devtvatlon

To  achleve  roanmonahte  contn the  unlt Wil he
fahrleated of nectionn probabby mude of forpgiaps which
will he welded topethier to torm the chamber. The form
ot each nect ton will heon evliinder of  proper  diameter
and  thlekpenn with the hid core pgroove an intepint
Pt of the nectdon, To abitaln the tinal whape of each
nectton (0wl be necennary only to machine flat the
~
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Fige 2. Configuratlon For Bard Core Asnombly.
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A 90" model of the combloat fon vaceam clnmber
collownr made, 1t fn nhown In Fip, b,
calar plate reprenentn n vertiead plane ot

chamhor  nartace
hinrd core coll.

el
the  vacaum
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Fig. 3.

Vacuum chamber Model.

of an {Inch {n the major diameters. The segments also
varied from segment to segment. These varfations could
be accomplished in chamber tooling but present serious
complications which would make the tooliiig very
expensive,

Since sections made up of cylindirical pleces would
be the least difficult to manufacture, a atudy was
undertaken ton determine the feasibility of their use
for fabrication of the chamber. The key to the succens
of this approach {8 to exactly define the center lines
of adjacent segments of the vacuum chamber. The angle
formed by these linea {8 then bisected by a plane per-
pendicular to the plane of the two center llnes.
Cylinders with these lincs as nxes will intersect the
plune in ellipres that mateh perfectly, This condition
{8 {deal for the chamber requirements, {1 one can
define the center-lines and the hard core-lines within
cach segment then the parameters necessary for
manufacture of the segments can he resolved.

To define thene Hoes refercace v made to the
model  ghown  In Figs Y. Since 32 gegmenta form a good
condftfon for the chamber, as noted above, the model
can  be set up with fte vertieal planes at 11.25 depree
fnerementss A coordiante  system  can be  establtghed
which  detines the coordinate poritions of the ends of
the conter—tines  and the hard-core  lHoew, Une  of
Fige & and Fige v fhoustrates the determinatfon of
thene coordinnte points. A dencription ol the method
uned  to  find the apace coordinates of the ceater-line
and hard-=core Intersectfon with the vertfeal planes
follown.

In Flpo &, Potut A represents the zrero pofintn of
the coordinate axtin of the ayntem Thia polnt {a the
center of  the hard=core coll with the conter-1ine of
the  vacuam  chamber  directly  below, The  hard-core
coordinat en At the zero polnt are  (0,0,0), The
comor-tine coordinaten arve (0,0,=-2.3%) (/4 neale) 1o
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Fige 4. Vertfeal Plane Convdinate Syntem,
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Fig. 5. Vertical Plane at 11.25°,

Fig. 4, Point B {8 the center=line {ntersection with
the vertical plane at 11.25° and Polnt € fs the inter=
section of the hard-core line with the 11.29" vertical
plane.  Flgure 5 ts tyvplical of that used to determine
distances to  be {ntepgrated into the coordinate system
ot the hard-core and center-line futersectlon pointa,
At 11,297 Potnt B has the coordinates 3,661,-1,270,
=2.194 and Point € han the coordinates  1,840,~ VIR, 0,
In ke manner the hard-core and  center=line
coordinates can be found arov d the entire chamber, 1t
should be noted that for n = 2 one half of the chamber
fr {dentical to the other wo that only 16 rections need
to be defined. Filgure 6 ta a CAD/CAM rep=erentat lon of
all 32 vertieal planes which shown atl the conter=lines
and  hard=core  1ioen of the Stellarator aystem,  Once
the coordinates are eoutablished for the center-l1{ne and
hard=core  fnternection  polnts  cach  arcpment  can be
charnctertzed,  To {1lustrate the methed  the

. 4] 0o 0
botweon 11,257 and 20057 will be analyzed,

nect fon

Fipge 6,

Vertfeatl Plane CADJCAM Reprenentat fon,

The tepn are an Tollows:

1) o Ulnd the egquat ton of the blueet plane at 11,0400
and alpno the anpele that the conter Hoe maken with thia
plane 00t wecmny to une the det basd ventey Finen
extonding from zero to PO and 1EY 10 0008 e
of  the center e sant be extomded Taonpace ant il 1t
equaln tn Tenpth the other conter Tine, e endn ot
thene Linen then become a0 perpendlionlar hbvector of the
biweet plane. Thin tact conpled with  ancther detinea
pofat on the  plane (the  tnternectfon of two conte
Titnen) altown the de samdnatton of  the  hinect
equat fon, 10 Ane

plane



3.515X - 1.563Y + ,359Z - 14,073 = 0

The angle that the center line makea with this glane
becomes 5.52°. using the same procedurz, at 22.5° the
bisect plane equation is:

3.076X - 1.972Y + .6612 - 26,102 = O

and the angle of the center line with the 22.5% bisgect
plane is 4.32°, These angles &are the cutting angles on
the cylinder to form this section. The length of the
center line from 11,25 to 22.5° is 14,888 fnches.

2) The angle of rotation between the planes at 11.25°
and 22.5° ta found by a determination of the planes
passing through adjecent center lines at 11,25° and
22.5%. The ingle between the perpendfcular bisectors
of these planes (these bisector lines are the minor
axes of the ellipses formed at each bhisect plane)
becomes the angle of rotation of the bisect planes
relative to cach other 1n each section. The plane
equatfons are at 11,259,

X + 3.924Y + 7,2947 + 17.32 = 0O
and at 22.5°
X + 53.,513Y + 5.B754 + 13,69 = 0O

The angle between the perpendiculars to these planes s
PIRTAR

1) To find the angle of rotation that the start of the
helfx  makes with the minor axis of the birect plane {t
{8 necesaary to find the equatfon of the plane pade up
af coordinntes of the hard core tine projected onto the
biavet plane together with the center Hne  coordinatea
and  the  equatfon  of the minor axts Iine. The offaet
angle hetween the plane and line (s then determtued and
becomen 6,647, The axial distance bhetween the minor
axla and hard cove projectton can be  determlined  from
anatysts  of  the triangle formed by the hard core pro-
fectton coordinaten and the two center Hne coordinatoe
and ta found to he J116",

The hellix anple 4 afmply the angle formed by the
Hinew made ap of projection  coordineten
and  perpendientaras trom there cootdinnten to the sece-
tion conter  loe, Far  thin anection the angle {n
23087,

the hard core

The hard  core proove leonpth 4o the tenpth of the
Line between the hard core project ton
tn Ih,Aa2",

coordinaten  and

TARLY

CAD/CAM Characteciration

A complete CAD/CAM analysis of the sections from 0
to 90° was made. Figure 7 sbows the bisect planes
superimposed on ti:e vertical planes between 0 - 90°.
Figure 8 18 the section from 11,25-22,5° from which all
parameters necessary for machining this section were
obtained. Table I lists the dimensions for each sec-
tion.
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